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Summary 

Research  1  Optical  and  photochromic  properties  of  spiropyran-intercalated 
DNA-surfactant  complex 
films  for  optical  switching 

Optical  and  photochromic  properties  of  spiropyran-intercalated  DNA-surfactant  complex 
films  were  studied  to  aim  at  optical  switching.  They  strongly  depended  on  the  type  of 
spiropyran  as  well  as  the  type  of  surfactant.  Spiropyrans  containing  the  oxazine  ring  and 
intercalated  into  DNA  showed  a  very  rapid  photochromic  response.  It  is  also  shown  that 
photochromic  response  times  became  much  faster  by  increasing  the  intensity  of  the  excitation 
light. 
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melt-spinning  method  in  order  to  study  optical  characteristics  of  DNA  fibers  which  were 
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1.  ABSTRACT 


Optical  and  photochromic  properties  of  spiropyran-intercalated  DNA-surfactant  complex 
films  were  studied  to  aim  at  rapid  optical  switching.  They  strongly  depended  on  the  type  of 
spiropyran  as  well  as  the  type  of  surfactants.  Spiropyrans  containing  the  oxazine  ring  which 
were  intercalated  into  DNA  showed  a  very  rapid  photochromic  response.  It  was  also  shown 
that  photochromic  response  times  became  much  faster  by  increasing  the  intensity  of  the 
excitation  light. 

1.  INTRODUCTION 

Recent  research  results  on  DNA-surfactant  complexes  have  shown  various  attractive  features 
by  the  intercalation  of  some  organic  dyes  into  DNA  films.  We  have  already  reported  basic 
optical  characteristics,  such  as  refractive  indices,  absorbance  and  fluorescence  intensity,  and 
photochromic  properties,  of  spiropyran-intercalated  DNA-cetyltrimethilammonium  (CTMA) 
complex  films,  which  were  derived  from  marine  biopolymers,  DNA.  Although  DNA-surfactant 
(lipid)  complexes  showed  promising  potentials  for  optical  functional  devices  such  as  switching 
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or  signal  processing  devices,  their  response  speeds  were  relatively  slow  to  apply  them  to 
practical  systems.  Molecular-chemical  bond  state  of  DNA  and  surfactant  in  DNA-surfactant 
complexes  depends  on  the  kind  of  surfactant,  and  consequently  optical  or  photochemical 
features  of  DNA-surfactant  complexes  will  differ  from  each  other  according  to  the  surfactant. 
This  may  also  affect  the  response  speed,  and  there  maybe  an  possibility  to  improve  the 
response  speed  much  faster. 

In  this  report,  we  report  optical  and  photochromic  properties  of  DNA-surfactant  complex 
films  intercalated  by  several  different  types  of  spiropyran  compounds.  In  addition,  we  also 
report  the  effect  of  different  kinds  of  surfactant  on  the  photochromic  properties.  It  was  found 
that  the  absorption  and  fluorescence  spectral  intensity  and  photochromic  reaction  of  those 
films  strongly  depended  on  the  type  of  spiropyran.  Also  we  found  that  the  structural  difference 
of  the  intercalated  spiropyran  caused  the  difference  in  the  photochromic  response  time.  The 
group  of  spiropyrans  which  include  naphthalene  and  oxazine  ring  showed  faster  photochromic 
effect.  Moreover,  it  was  found  that  the  selection  of  the  surfactant  strongly  influenced  the 
optical  and  photochromic  properties  of  DNA-surfactant  films.  Increased  fluorescence 
intensity  was  observed  for  DNA-surfactant  films  with  double-chain  dimethylammonium, 
compared  with  single-chain  trimethylammonium  type  surfactants.  These  results  suggest  that 
the  difference  in  the  structure  of  the  surfactant  leads  to  the  difference  in  the 
molecular-chemical  bond  state,  and  thus  influenced  the  structural  change  of  the  spiropyran  for 
the  photochromic  reaction. 
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DNA-Na  dissolved  in  water  was  reacted 
with  lipids  slowly  over  2  hours. 
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CD  spectrum  was  measured  to  compare  with  structure  of  DNA-CTMA 


and  DNA-CBDA.  The  results  are  shown  in  Figure  3.  They  showed  similar  CD 
spectrum  as  DNA  itself. 
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Research  3  Structure-property  relations  of  intercalated  DNA-lipid  complexes 
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Quantum  yield  of  the  dye-intercalated  DNA-lipid  films  was  measured.  Schematic  diagram 
for  the  experimental  setup  was  shown  in  Fig.  2.  For  the  measurement,  we  employed  the 
integrating  sphere,  and  located  the  sample  film  within  the  integrating  sphere.  As  a  light 


Fig. 


2  Experimental 


setup  for  the 


measurement  of  fluorescent  quantum  yield 


source,  a  xenon  lamp  was  used.  The  light  beam  was  focused  by  lens  system,  and 
monochromatic  light  was  obtained  by  band  path  filter.  The  emission  from  sample  film  was 
detected  by  photodiode  and  was  then  depicted  by  a  PC. 


2.5  Orientation  of  DNA-CTMA  complex  under  magnetic  field 

Orientation  of  DNA-CTMA  complex  which  was  intercalated  by  various  dyes  was  carried  out 
under  magnetic  fields  of  various  strength  which  were  applied  to  DNA-CTMA-dye  methanol 
solutions  while  evaporating  to  form  films.  The  experiments  were  carried  out  at  the  National 
High  Magnet  Center  at  Tsukuba  in  March. 

3.  RESULTS  AND  DISCUSION 

3.1  Mechanical  properties  of  DNA-lipid  complexes  films 

Various  papers  1_11)  were  reported  on  DNA-lipid  complexes,  while  non  of  papers  described 
effects  of  lipid  kinds  on  mechanical  properties  of  the  DNA-lipid  complex  films,  so  mechanical 
properties  of  the  DNA-lipid  complex  films  were  measured  in  terms  of  tensile  strengthes. 

Results  of  stretching  tests  in  63%  and  100%  R.H.  of  DNA-lipid  complexes  films  prepared 
from  various  kinds  of  lipids  indicated  that  the  film  of  n=12  indicated  about  twice  strength 
compared  with  the  film  of  n=16  at  63%R.H.,  while  the  strength  decreased  1/3  under  100%  R.H. 
when  compared  with  it  under  63%  R.H.  On  the  other  hand,  strain  increased  under  100%  R.H.. 
From  this  phenomenon,  effect  of  plasticity  of  adsorbed  water  in  the  films  was  found  to  be 
rather  large. 

From  these  results  it  was  revealed  that  the  kinds  of  lipid  had  a  very  large  influence  on 
mechanical  properties  of  DNA-lipid  complexes  films.  When  only  strength  and  strain  of  the 
films  were  taken  into  consideration,  lipid  of  single-chain  trimethyl  ammonium  type  was  the 
best  in  terms  of  mechanical  properties. 

Relationship  of  relative  humidity  and  initial  Young’s  modulus  derived  from  the  S-S  curves 
of  the  films  is  collectively  shown  in  Table  1.  In  any  case  initial  Young’s  modulus  decreased 
and  became  soft  by  increasing  relative  humidity.  Single-chain  trimethyl  ammonium  n=12  had 
the  highest  value  of  initial  Young’s  modulus  among  lipids.  Subsequently,  the  values  are 
arranged  in  order  of  pyridinium  n=12  >  single-chain  trimethyl  ammonium  n=16  > 
double-chain  dimethyl  ammonium  n=16  >  pyridinium  n=16  >  benzyl  dimethyl  ammonium  n=14 
>  benzyl  dimethyl  ammonium  n=16  >  double-chain  dimethyl  ammonium  n=12.  These  results 
indicated  that  the  kinds  of  lipids  had  large  influences  in  terms  of  hardness  of  the  films. 
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In  order  to  investigate  effects  of  solvents  for  the  conformation  of  DNA-CTMA  molecules  in 
solutions,  specific  viscosities  of  the  DNA-CMA  solutions  in  various  mixed  solvents  were 
measured  and  results  are  shown  in  Fig.  3  which  indicated  that  methanol  as  a  solvent  gave  a  high 
specific  viscosity,  while  increasing  amount  of  chloroform  to  methanol  decreased  the  specific 
viscosity  of  the  solutions  and  ethanol  solution  had  less  specific  viscosity  than  methanol 
solution.  These  results  indicated  that  the  conformation  of  DNA-CTMA  molecules  was 
dependent  on  kinds  of  solvents  and  DNA-CTMA  molecules  in  methanol  had  much  stretched 
structures  than  in  ethanol.  It  becomes  clear  that  conformations  of  the  DNA-CTMA  molecules 
in  solutions  influenced  tensile  strength  of  the  DNA-CTMA  films  as  entanglement  of  DNA 
molecules  would  be  changed  during  the  film  processing.  Further  research  on  the  solvent 
effects  is  now  being  carried  out. 


1(3B  I  f  f  t  y  €  K  t  i  a  S  x!3  ^mg/miaD  z 


<3&m%  $$©»©  (§#&&) 


Fig  3  Effects  of  solvents  on  specific  viscosity  of  DNA-CTMA  solutions 
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Orientations  of  DNA  molecules  under  various  strength  of  magnetic  fields  mere  measured  by 
polarized  Wi  m§m  $ua@u  8asigT@i3®s 
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Orientation  of 
DNA  molecuies 
under  magnetic 
field 


Magnet  strength 


Fig.  5  Polarized  microscopic  pictures  of  DNA-CTMA  films  prepared  under  various  magnetic 

fields. 


In  order  to  investigate  the  orientation  of  dye  molecules  which  were  intercalated  into  the 
double  helix  of  DNA,  following  dues  were  intercalated  into  DNA  molecules  in  aqueous 
solutions  to  obtain  thin  films: 
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DAPI  Rhodamine  B 


The  dye-intercalated  DNA  films  were  irradiated  under  12T  magnetic  power  to  orient  dye 
molecules. 

The  orientations  of  dye  molecules  were  measured  by  using  a  rotating  polarized  fluorescence 
spectroscopic  method  as  shown  in  Fig.  6.  Fluorescence  intensities  as  functions  of  rotating 
angles  of  various  dye-intercalated  DNA  films  were  measured  as  shown  in  Figs.  7  and  8. 
Results  of  fluorescence  intensities  as  functions  of  rotating  angles  indicate  peaks  at  about  90  0 
angle,  clearly  suggesting  the  orientations  of  dye  molecules  in  DNA  double  helix  under 
magnetic  field. 
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Fig.  6  Rotating  fluorescence  spectroscopic  measurement 
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Fig.  7  Fluorescence  intensity  dependence  of  dye-DNA  films  as  functions  of 
rotating  angles 
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Fig.  8  Fluorescence  intensity  dependence  of  Dye-DNA  films  as  function  of 
rotating  angles 


Effect  of  magnetic  strength  on  the  enhancement  of  quantum  yields  of  optical  dyes  for 
fluorescence  emission  will  be  investigated  in  near  future  and  results  will  be  summarized  soon.. 
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Research  4  Fabrication  of  intercalated  DNA-lipid  complexes  to  fibers  and  films 

Processing  of  novel  photonic  materials  derived  from  Marine  DNA  was  investigated  in  terms 
of  optical  fibers  which  was  reported  that  optical  characteristics  of  DNA  films  was  greatly 
improved  by  intercalating  organic  dyes  into  base  pair  layers  of  DNA  molecules.  This  year 
aimed  at  optical  fiber  processing  by  melt  processing  of  DNA-lipid  complexes  which  were 
intercalated  by  organic  optical  dyes  into  the  DNA  fibers. 

Melt-spinning  of  DNA-CTMA  complex  was  performed  by  following  spinning  machine: 


Melt-spinning  machine 


SEM  picture  of  DNA- 
CTMA  Fiber 


Fig.  1  Melt-spinning  machine  for  DNA-  complex 


Fluorescence  light  emission  of  the  dye-doped  DNA  fibers  was  measured  by  an  experimental 
set-up  shown  in  Fig.  2. 


Experimental  setup  for 
the  measurement  of  emission  spectra 


Nd  :  YAG  laser 


Nd :  YAG  laser 
Repetition  rate  :  10  Hz 
Pulse  duration  :  7  ns 


Multi  channel  analyzer 


Fig.  2  Experimental  set-up  to  measure  emission  spectra 


Results  are  shown  in  Fig.  3  which  indicates  that  lasing  occurred  with  increasing  power  of 
exitation  light  and  an  amplified  spontaneous  emission  (ASE)  was  observed  with  narrowing 
width  of  spectra.  The  threthold  value  was  less  than  1  mJ.cm-2  which  was  very  low  for  lasing. 
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Lasing  of  dye-doped  DNA  fiber 


Exitation  energy  dependence  Peak  intensity  as  function  of  exitation 

energy 
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Fig  3  Lasing  phenomena  of  dye-doped  DNA  fiber 
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